Introduction
The environmental sector which offers products and services used to prevent environmental damage has been the focus of much political attention during the last few years. Due to the negative external effects character of environmental problems, this sector, and therefore its innovation activities, depends highly on regulation and subsidies (see e. g. Halstrick-Schwenk et al. 1994 . In fact, the primary goal of environmental policy persists in the internalization of negative external effects so that all environmental policy instruments mainly aim at reducing negative environmental im-* I am grateful to Uwe Blien, Lutz Bellmann and other members of the IAB research group on the IAB Establishment Panel for very valuable support. Furthermore, I would like to thank three anonymous referees and participants of the 2008 Annual Congress of the Verein fü r Socialpolitik in Graz and of seminars in Bordeaux, Augsburg and Halle for very helpful comments and discussions.
pact. However, environmental policy may also lead to an increase of employment as a positive side effect because of the high world-wide market potential of renewable or energy saving technologies. Consequently, the employment perspectives may be even higher compared to other sectors. But this may only be true for several environmental fields. Especially the so-called end-of-pipe technologies have lost much of their importance during the last decade (see Grundmann 2006 ) accompanied by negative employment effects. Therefore, the development of new products and services seems to be more and more important for the employment dynamics in the environmental sector especially for the design of research and environmental policy. An empirical analysis of the relationship between innovations and employment in the environmental sector seems to be highly relevant. Concerning general innovations, this relationship has been largely analysed in the literature, whereas studies related to the environmental sector are rare. In fact, the environmental sector is a special case because the demand for environmental products and services still largely depends on subsidies and policy so that it is also important to compare the employment effects in the environmental sector to other sectors. In our analysis, we focus on the employment effects of environmental product innovations at the firm level. We use the establishment panel of the Institute for Employment Research (Nuremberg) -a rich and representative database for all German establishments with at least one employee subject to social security insurance. The panel wave of 2005 contains a filter question that allows identifying firms belonging to the environmental sector so that a respective sample of more than 900 environmental firms is available. To detect specificities of the environmental sector, we also explore the data of the 12.400 firms operating in other non-environmental fields. The decision of a firm to realize innovations and to increase employment cannot be analyzed separately because on the one hand innovations lead to a higher competitiveness that may be connected with an increased product demand which has, therefore positive effects on labour demand. On the other hand, a firm increases employment to realize the creation and production of new products. Therefore, adequate econometric estimation methods have to be used to deal with this endogeneity problem (see Section 4). The paper is organised as follows: Section 2 discusses theoretical arguments regarding the relationship between environmental innovation and employment and contains a short overview of the relevant empirical literature. Section 3 describes the data basis and presents some descriptive results regarding the relationship between innovation and employment in the German environmental sector. An econometric analysis of the influence of innovation activities on employment follows in Section 4. A summary (Section 5) concludes the paper.
Theoretical arguments and empirical results for the impact of environmental innovations on employment
In the following, the main theoretical arguments and empirical results from the literature on the relationship between environmental innovation and employment are summarized. It is important to note that this relationship comprises different dimensions. Firstly, the different impact of product versus process innovations on employment have to be regarded. In general, the introduction of new products is expected to lead to higher employment because market novelties may initiate the cycle of a product, accompanied by high consumer demand at the beginning and especially in the middle of the product life cycle (Vernon 1966 , see also Peters 2005 . But for several reasons, the overall impact of product innovations remains an empirical question. Firstly, the newly developed products may substitute old products so that the net employment effect may be unclear. Considering the environmental sector as a relatively young branch where many products need to be completely newly developed, this effect may be lower than in other innovation fields so that the respective employment effects may be higher (see also Section 3 and 4).
Secondly, the innovating firm may exploit its temporary monopolistic position obtained by the introduction of the product innovation. This may lead to a reduction in output and to a decline of employment (see also Hall et al. 2006 ).
Furthermore, the introduction of the new product may be accompanied by labour-saving process innovations. But even the often mentioned negative employment effects of process innovations may be compensated by lower prices made possible by them so that the effects of process innovations on employment are also theoretically undetermined.
Our empirical analysis focuses on the relevance of environmental product innovations for employment on the basis of a firm level database. Obviously, this kind of data does not allow for the measurement of the overall impact of product innovations on employment because such an analysis would require information on a macroeconomic level. In fact, the success and the increase of the market share of the innovating firm may lead to a lower demand for the products of its competitors -an effect which can hardly be analyzed using firm level databases.
The essential motivation of a firm to realize product innovations consists in increasing firm profit and/or market share and in reducing competitive pressure. As we discussed above, if positive output effects are not compensated by a substitution of older products or a higher labour-productivity of accompanying process innovations, employment within the firm may increase. Therefore, innovation activities may be understood as a vehicle to increase the market share and the employment within a firm. For a deeper understanding of the effects of innovation on employment the determinants of the innovation activities itself are also relevant as indirect influence factors on employment (for a detailed discussion of these factors see Section 4, Horbach 2008 or Belin et al. 2009 ).
Because of the external effects problem, the environmental sector becomes a special case because the demand for environmental goods and services is highly dependant on regulation activities and subsidies. This is probably also true for environmental innovations that are at least less market-driven than other innovations, therefore, making environmental policy one of its main drivers. The famous Porter-hypothesis (Porter/van der Linde 1995) even postulates that environmental regulation may lead to a win-win situation so that pollution is reduced and profits are increased. Following Porter and van der Linde, firms do not detect the potential of environmental innovations because they are " … still inexperienced in dealing creatively with environmental issues" (Porter/van der Linde 1995: 99) . Environmentally and economically benign innovations are not realized because of incomplete information, organizational and coordination problems. Firms are not able to recognize the cost saving potentials (e. g. energy or material savings) of environmental innovation. Therefore, environmental regulation may "force" firms to realize economically benign environmental innovation. Porter and van der Linde (1995) consequently postulate that environmental policy may induce early mover advantages for regulated firms, which may lead to higher profits in the future. Particularly in the international context, many empirical analyses have shown that the relatively early developed German environmental policy led to the high international competitiveness of the German environmental industry (Legler et al. 2006 ).
Concerning empirical analyses, there are many studies exploring the relationship between general innovations and employment 1 but there is only little corresponding literature for the environmental sector. The econometric studies on general innovation and employment rely on different methodologies. Cross-sectional studies such as Entorf and Pohlmeier (1990) are not able to address the dynamic character of the relationship between innovation and employment. Most analyses use growth rates between two different points in time (e. g. RWI 2005 , Peters 2005 , Harrison et al. 2008 . A third group of authors were able to use panel data over a longer period of time and to apply corresponding (dynamic) panel data models to analyze the data (e. g. van Reenen 1997 , Smolny 1998 , Smolny/Schneeweis 1999 , Rottmann/Ruschinsky 1998 , Piva/Vivarelli 2005 , Lachenmaier/Rottmann 2007a and 2007b .
Most of these studies in Germany, focussing on general innovations, 2 found a stimulation effect of product innovations on labour demand (see e. g. RWI 2005 , Peters 2005 , Smolny 1998 , Piva/Vivarelli 2005 , Zimmermann 2009 ). Similar results were detected for the UK (van Reenen 1997) and for France (Greenan/Guellec 2000) and in a comparative study for France, Great Britain, Germany and Spain based on harmonised data of the Community Innovation Panel (CIS) (Harrison et al. 2008 ).
Up to now, analyses on the employment effects of environmental product innovations are rare because of the availability of data for the environmental sector. In general, these studies also detect positive effects of product innovations on employment (Bijman/Nijkamp 1988 , Pfeiffer/Rennings 1999 , Rennings/Zwick 2001 , Harabi 2000 , Rennings 2003 ). Rennings and Zwick (2001: 34) find "…a small but positive effect on employment at the firm level." The positive effects relate to both product and service innovations. The other determinants of employment development in this study, including more than 1500 firms from five European countries, the market share as an innovation goal, innovation size and the strictness of environmental regulation, are significant for employment changes. Subsidies or grants for the innovation did not have any employment impact.
The paper by Pfeiffer and Rennings (1999: 1) shows that "… cleaner production leads in more firms to a net creation of jobs than end-of-pipe technologies." The authors also detect a positive bias for skilled and highly-skilled labour, whereas the demand for unskilled labour decreases.
The crucial problem of the existing studies of the employment effects on environmental product innovations lies in the fact that in most cases only cross-sectional data could be used because they always relied on specialized surveys. In our study, based on the establishment panel of the Institute for Employment Research, we are at least able to use a plausible time lag between the development of new products in the environmental sector and the resulting employment effects (see Section 4). Table 1 . In total, more than 52 % of the environmental firms developed or improved new products or services. The most dynamic fields regarding this distribution were analytics, consulting, measurement technology, waste disposal and recycling. More end-of-pipe oriented technologies like the prevention of water pollution seem to be less innovative. Regarding only totally new products, especially measurement technologies and, not surprisingly, environmental research and development and also other environmental fields, such as renewable energy technologies, get high values (see Table 1 ).
To recognize the employment dynamics of the environmental sector, the questions on employment development until 2010 are cross tabulated by environmental sectors.
In accordance to the results of the innovative behaviour of the environmental firms, environmental research and development seems to have very good employment perspectives. Measurement technologies and analytics and consulting can also be described as dynamic sectors.
Considering the employment development from 2003 to 2005 prevention of water pollution and measurement technologies were the most dynamic fields (see also Table 2 ).
In comparison to other, non-environmental fields, the environmental sector is characterized by a higher percentage of innovative firms, especially regarding the development of totally new products and services (see Table 1 ). Concerning employment dynamics, 16.2 % of all environmental firms expect an increase in employment until 2010, whereas only 12.5 % of the other firms expect such a positive development (see Table 2 ).
Empirical results for the impacts of innovation activities on employment
In the following, the impact of environmental product innovation on employment will be explored by using econometric methods. A major problem is that, in most cases, the decision of a firm on the realization of innovations and on the enlargement or reduction Age is a control variable recording the age of a firm. It gets the value one if the firm was founded after 1990. Younger firms with new products may be more dynamic with respect to employment. The variable demand captures the influence of product demand on employment. To reduce endogeneity problems we use the one-year lagged development of turnover as an indicator. A higher product demand is expected to trigger employment. The variable envdivers describes the number of different environmental fields offered by the firm. This variable allows testing the hypothesis as to whether the diversification of firms is advantageous for more innovation success. Envorganisation captures the existence of environmentally related organizational changes within the firm. These organizational changes such as the introduction of environmental audits often provide the necessary information for environmental process innovations that may lead, in some cases, to the development of new environmental products. Furthereducation indicates the support of additional education measures for employees by the firm and is expected to improve the innovative capacities of the firm. These capacities are also enforced by R&D activities. Furthermore, environmental innovation activities are supported by the high qualification of the staff of a firm: Highqual describes the share of employees with a university degree to capture these human capital effects. Innoquant measures the importance of new products using the share of new products with regard to turnover.
The dummy variable region controls for structural differences between East-and WestGermany. Size describes the size of the firm by the number of employees in 2005. Subsidies measure the influence of the existence of subsidies for wages or investment. 4 The variable tarif measures the existence of a collective wage agreement or not. It is included because the willingness to take on new employees may be reduced by restrictions imposed by wage agreements.
In a first step we analyze the relationship between environmental innovation and employment using discrete choice analysis. We estimate the following model (for a detailed description of the model see Greene 2008 : 823, Wooldridge 2002 : 477 or Maddala 1983 :
This model is different from the "normal" bivariate probit model because the second dependent variable, envinnovation, appears on the right-hand side of the first equation.
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Because of identification problems the two sets of exogenous variables x i and y i can contain common variables but they are not allowed to be identical (see Greene 2008 and Frondel et al. 2008 ). For our problem, this so-called recursive bivariate probit model is adequate because it has, at least partially, the ability to address the possible endogeneity of the decision of a firm to increase employment and to realize environmental product innovations. The correlation coefficient (rho, see Table 3 ) measures the correlation between the disturbances of our two equations (Greene 2008: 825) . If rho equals 0, the likelihood of the bivariate probit model would be equal to the sum of the likelihoods of two univariate probit models. If the hypothesis that rho equals 0 has to be rejected, the use of two independent probit models is not adequate, a bivariate probit model has to be applied to address the simultaneity bias. Interestingly, and in stark contrast to the corresponding linear regression model, the endogenous nature of our second dependent variable envinnovation can be ignored within the recursive bivariate probit model (see Greene 2008 : 823 for proof of this feature). Therefore, the recursive bivariate probit model also allows for the analysis of the direct effects of innovation on employment.
The results of our estimations can be summarized as follows (see Table 3 4 Unfortunately, the respective quantitative variable denoting the amount of subsidies was not usable because of a very high number of missing values. 5 In the literature, the recursive bivariate probit model is a standard approach to address endogeneity problems when both the dependent variable and the endogenous covariate are binary (see e. g. Morris 2004 or Frondel et al. 2008 ). In fact, we have to be aware that this is not an ideal solution. A welldesigned experiment would be better but the data situation does not allow such an approach. Therefore, we think that the use of a recursive bivariate probit model fits best for our binary variables. Furthermore, we reduce endogeneity by applying lagged values of the innovation variable.
Furthermore, the high quantitative importance of the new products with regard to the whole turnover of the firm measuring the success of the product innovation is positively relevant (innoquant) for employment.
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As expected from theory, a high product demand leads to a significantly better employment performance of the firm. In our special case of the environmental sector, the demand may also be interpreted as a positive influence of environmental policy on employment because an important part of the demand for environmental products and services is dependant on regulations, public demand and subsidies (e. g. feed-in tariffs regarding renewable energies, see also Halstrick-Schwenk et al. 1994 ).
Our recursive bivariate probit model also allows an analysis of the determinants of environmental innovation activities that may be interpreted as indirect influences on the employment development within the firm. The improvement of the innovative capacities of the firm is significantly important for the development of new products in the environmental sector. R&D activities, as input, significantly promote environmental innovation activities.
Further education measures as another innovation input enhance the human capital stock of a firm, the respective variable is significantly positive. 7 These results are also The variable innoquant is regarded as exogenous in our model because the quantitative success of an environmental product innovation only partially depends on the decision of the firm rather on the decision of the consumer to buy the product. In our special case of environmental products this argument is strengthened by the fact that the demand for these products is largely dependant on (exogenous) state decisions. 7 Please note that we regard the fact that a firm realizes R&D activities and further education measures as typical input of the innovation activities of a firm, we do not assume a direct influence of these two variables on employment so they are excluded from the employment equation. On the other hand, we exclude the variable tarif from the innovation equation. We therefore assume that there is no relationship between collective wage agreements and innovation activities of a firm.
confirmed by the significant influence of a high qualification of the firmś staff on environmental innovation. 8 Furthermore, the results show that West German firms (region) seem to be more innovative in the environmental sector.
A good strategy to improve the innovativeness of a firm seems to be a diversification of environmental product lines offered by the firm -the respective variable envdivers is positively significant. This result may be explained by the fact that the experiences of the firms in several environmental fields allow for more flexibility e. g. to recognize and to follow new trends in the environmental market.
The estimation of a similar bivariate recursive probit model, only considering totally new environmental products, 9 shows that subsidies seem to be slightly more important in the market introduction phase of new products (see Table 4 ). Not surprisingly, the influence of innoquant denoting the market success of new products is less significant.
Comparison to other, non-environmental innovations
In the following, differences between environmental and other innovation activities with respect to their employment effects are analyzed (see also Table 5 and Table 6 ). As we pointed out before, the environmental sector is a special case because of the high dependence on regulation and subsidies. With regard to our database it is not possible to analyze direct effects of regulation on environmental innovation and employment, but we can use the highly significant influence of the demand for environmental products and services as a proxy. Concerning other innovations this variable is not significant. The marginal effect denoting the increase of the probability of a positive employment development by innovative activities amounts to 8.4 % and is much higher compared to a similar model only regarding non-environmental firms (4.2 %) (see Table 6 ). The difference may be due to the fact that environmental technologies and products are characterized by an earlier market development phase compared to other innovative products connected with higher employment dynamics. Because of the "early development character" of environmental technologies, and certainly non-observable technology characteristics, 10 high qualification of the staff is quantitatively more important for environmental innovations. The respective marginal effect (23 %, see Table 6 ) is higher compared to other innovations (14 %). Interestingly, the effect of environmentally oriented organizational changes such as environmental management systems or eco-balances (envorganisation) is only significant for firms with other innovations -at first glance a counterintuitive result. In fact, the firms producing environmental goods and services, the so-called environment industry, is not an environmental intensive industry in the sense of high emission levels or high energy intensity (see e. g. Horbach et al. 2009 ). On the other hand, the environmental management systems are helpful for pollution intensive firms to detect and develop energy or material saving potentials and technologies and, therefore, trigger innovations that the questioned firms do not primarily regard as environmental innovations (see also Porter/van der Linde 1995 or Horbach 2008). Regarding direct subsidies, the marginal effect on employment is slightly higher for other firms compared to firms offering environmental products and services (see Table 6 ). One has to be aware that this does not mean that subsidies are less important for environmental firms. As pointed out before the environmental sector is highly subsidized by politically induced demand for environmental products.
Summary and some political conclusions
The paper explores employment effects of environmental product innovations at the firm level. While there are many analyses dealing with general innovations, studies analyzing the environmental sector are rare. The environmental sector is a special case because of its high dependence on subsidies and regulations. Furthermore, it is a relatively young branch (e. g. renewable energies) pointing to high employment potentials.
In our empirical analysis we use the establishment panel of the Institute for Employment Research (Nuremberg) -a rich and representative database for all German establishments with at least one employee subject to social insurance contributions. The panel wave of 2005 contains a filter question that allows identifying firms belonging to the environmental sector so that a respective sample of more than 900 environmental firms is available.
Our descriptive results show that more than 52 % of the environmental firms developed or improved new products or services. The most dynamic environmental fields were analytics, consulting, measurement technology, waste disposal and recycling. More end-ofpipe oriented technologies like the prevention of water pollution seem to be less innovative. This picture is confirmed when we only regard totally new products. Especially measurement technologies and, not surprisingly, environmental research and development get high values. In accordance with these results, environmental research and de- Table 3 , col. 2)
EnvinnovationI (see Table 3 , col. 3)
EmploymentBin (see Table 5 , col. 2)
OtherInnovation (see Table 5 Marginal effects are only reported if the respective variable is significant (at least at the 10 %-level). Sector dummies are not reported. For the calculation of the marginal effects we used the simple probit models for the two equations in each model. The marginal effects for the continuous independent variables were calculated at their means. Concerning dummy variables the values report the change in probability for a discrete change of the dummy variable from 0 to 1. velopment seems to have the best employment perspectives. In comparison to other firms operating in non-environmental fields the environmental sector seems to be more innovative.
The econometric results of a recursive bivariate probit model show that the influence of environmental innovation activities on employment development is significantly positive. Furthermore, the quantitative importance of the new products with regard to the whole turnover of the firm is also important for employment growth. As expected, high product demand leads to better employment performance.
Within the recursive bivariate probit model the determinants of environmental innovation activities are also explored. They may be interpreted as indirect influences on the employment development of the firm. The results show that the improvement of the innovative capacities by R&D and further education measures and the existence of highly qualified human capital stock are significantly important for the development of new products in the environmental sector. A good strategy to improve the innovativeness of a firm seems to be a diversification of environmental product lines offered by the firm.
A comparison of the results for the environmental sector with other non-environmental innovations show that the marginal effect of innovative activities on a positive employment development amounts to 8.4 % and is much higher compared to a similar model only regarding non-environmental firms (4.2 %).
Our results support the view that environmental innovation leads to a double dividend because of positive effects on the environment and employment. The employment effects result directly from an increased demand for environmental products and services triggered by environmental policy, but also indirectly by environmental innovation activities.
Against this background, demand oriented policy measures, like environmental labels or the so-called top runner approaches, seem to be very useful to trigger environmentally oriented consumer demand. Subsidies for renewable energies may also lead to an increase in innovation and employment but they are only advantageous for those technologies that will be independent from government aid in the long run. Therefore, these subsidies should be restricted to the market introduction phase of new technologies and products.
Following the Porter hypothesis it may also be beneficial to support environmental innovation activities because of the lack of market incentives. Politically induced environmental innovations may not only lead to emission reductions but also to an improvement of the competitiveness of firms leading to positive employment effects.
Appendix 1
To test the robustness of our results, we now apply different estimators for our quantitative dependent variable employment despite the before-mentioned caveats of this variable (see Table A1 ): * The two-stage probit least squares estimation method (TSPLS) that was developed by Maddala (1983) . 11 We use such a model because one of our endogenous variables (employment) is continuous and the other (envinnovationI) is binary. * The TSLS, LIML and GMM estimators just ignoring the binary character of the envinnovationI variable. Except the results for the consumer demand (TSPLS, TSLS and LIML) the significance levels are lower than in our recursive bivariate probit model. The result for our instrumented variable envinnovationI shows the same sign compared to the bivariate probit model. 
